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From:  Steve Ross 2-9510, skross @ anl.gov 
To:  Detector Pool 
Date:  12/07 onward… 
Subject: Sarnoff CAM1M100 Camera  
 
Sarnoff CAM1M100 High Frame Rate CCD camera. 
 
REVISION HISTORY: 
Initial version 2/14/2008 
 
This memo provides the specifications for the APS Detector Pool high frame rate visible 
light Sarnoff CCD camera.  It also is a User’s Guide for operation.   
 
  

 
1.0 ADVANTAGES OF THIS CAMERA: 
 
A charge coupled device (CCD) camera relies on transferring charge from an imaging 
pixel to the output amplifier by a so-called bucket brigade, moving the photo-charge one 
row of pixels to the next (vertical transfer), then shifting a given row out through a 
readout amplifier (horizontal transfer).  This readout amplifier can have higher and higher 
bandwidth, but at the expense of electronic noise.  Hence after a certain point, a better 
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way to achieve fast frame readout is to increase the number of output amplifiers, while 
keeping each at a lower readout speed for lower noise.  The Sarnoff series is one of the 
main commercial cameras to take this approach, having 16 output amplifier ports.  Hence 
when you look at an image, you will see 16 sub-regions in the raw data.  It is never 
possible to make all regions exactly the same light-to-signal gain, exactly the same dc 
offset.  It is straight forward to correct this in later software.   
 
Compared with other visible light CCD cameras, the Sarnoff camera has a very 
good quantum efficiency (thus raising sensitivity), low noise, true 12 bit dynamic 
range at 10 millisecond readout.  It is a full-frame CCD, the entire area is part of the 
imaging area (not interline, not frame transfer.) Hence it typically requires a 
shutter. 
 
 
2.0 DETECTOR POOL TAG NUMBERS:  
 
 
DP00244 Sarnoff Fast visible CCD camera 
DP00245 Sarnoff fast shutter 
DP00246 Sarnoff fast shutter controller 
 
 
3.0 SPECIFICATIONS:  
 
Format: Silicon Charge coupled device (CCD) 1024 x 1024 pixels, back side thinned. 
Optical Lens Mount:  C mount 
Pixel Size: 16 um x 16um 
Visible light quantum efficiency:  about 70%, see curve below,  
There is no window in front of the CCD in the camera housing 
Number of output ports: 16  
Readout time:  10 milliseconds full frame. 
Typical Operating temperature: Cooled by 2 stage thermo electric coolers to –30C 
Electronic Noise at 100 frames/sec (essentially no integration time)  20eRMS (see data 
below).   
Dynamic Range, Linearity, and full well capacity: 
The amount of charge a CCD can hold in its imaging pixel is set by the bias on the CCD, 
and by the doping of the semiconductor itself.  This is an upper bound on the “full well” 
capacity, but not universally useful because linearity (digital signal out versus photons in) 
degrades before this limit is reached. The Sarnoff quoted camera pixel full well capacity 
of 140,000 electrons is instead set by the full scale of the 12 bit analog to digital 
converter (ADC). That is, the gain on the pixel amplifier chains is such that 140,000 
electrons equal 4095 DN. The camera is linear better than <0.26% through the full scale.   
(see data below).  
Note we estimate the dynamic range of CCD (as opposed to the ADC) 
:  140,000 / 25eRMS  = 5600 dynamic range of CCD 

12 bits = 4096 
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Measured at frame rate is 100 fps full frame, or 200 fps binned by 2x2 
 
Offset: 128 DN is the dark offset value as set in the standard camera. 
Dark current <1na/cm2 at 20C, which means <200e/pix/sec at –30C 
So with exposures longer than about 15 sec the dark current would be a factor.  (See 
appendix section of dark current noise, if you wish to estimate this for yourself.) 
 
Other definitions:  “Back side thinned”.  The “front side” of a CCD is defined at that part 
of the silicon which has the gate structure, the lines on the silicon which brings the clock 
phases to the pixel.  This structure can attenuate light, blue (400 nm) more than red (800 
nm).  Hence we can thin the back of the silicon wafer down from hundreds of microns to 
very thin few microns, and call this the photo active side.  The advantage is better visible 
light quantum efficiency, but the expense is a more fragile wafer, one that probably 
cannot be bonded to anything else mechanically.  The Sarnoff CCD is this back side 
thinned.  
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4.0 MEASURED PERFORMANCE DATA:  
 
 
4.1 Visible light Quantum efficiency curve is given below.  Typical phosphors and 
scintillator emit at about 550 nm, but this does vary.  

 
 
 
 
 
4.2 Pixel Defect spec: No bad columns. Pixel responsivity: Non uniformity in bright 
frames will be within (at 390 nm Typical) [-15%, +20%]. This applies to all pixels, 
excluding the first 3 and last 3 columns and first 3 and last 3 lines. The following 
exceptions are allowed: Up to 500 pixels could be defined as blemishes. A blemish is 
defined as a pixel, which gives a signal within -50% of the average signal. Any pixel 
outside the [- 50%,+20%] range will be considered a defect pixel. Up to 50 defect pixels 
are allowed that fall outside the blemish requirements. For each blemish pixel, the 
average of 8 Nearest Neighbors will not be less than 45% of the overall average. 
 
 
The camera consists of four internal printed circuit boards into a fifth mother board, or 
focal plane array board.   
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4.3 TYPICAL CAMERA NOISE DATA: 
 
This data was taken by the manufacturer, running at the full frame rate (about 100 fps).  
We provide this as backup to the specifications listed above.  
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4.4 TYPICAL CAMERA LINEARITY DATA:  This data was provided by 
the manufacturer, and serves as backup to the specifications listed above.  
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 5.0 USERS GUIDE:   
 
5.1 OVERALL CAMERA SYSTEM –  
 
 
Camera (no lens attached, just the aluminum mounting bracket). 
 

   
 
 

  



Detector Pool Sarnoff Camera Specification and Users Guide 02/14/2008 version 8

Rear view of camera.   
 

 
 
Items of interest: 
(1)Note the trigger IN connector (SMB I think, anyway don’t loose this cable!).   This 
goes back to the control/interlock box. 
(2) The DB9 connector on top right is for the TEC, which really can only be used if dry 
gas is set up on the CCD/lens, and the water chiller.  
(3) There is a connector for the dry gas N2 in (top/middle), and vented out.   
(4) There are water in/out connections on the bottom middle.   
(5) And finally on the bottom there are the two camera link data output ports.  Cable 
these to the frame grabber, wire 1 to input 1, wire 2 to input 2, as labeled.   
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Sarnoff Power Supply 
 

 
 
 
 
Water Chiller (on cart) 
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Interlock system 
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E-BRICK  
 

 
  
 
 
X-ray Shutter 
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Shutter Controller 
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APPENDIX.  SUPPLEMENTAL INFORMATION.  
 

THERMO ELECTRIC COOLING SYSTEM. There is a DB9 connector on 
the side of the camera which allows the user to input current for the TEC system, and to 
read out the camera’s temperature. See TEC Interface Drawing.pdf, the interface to the 
thermo electric coolers: 
 
(email 5/26/2005) 
•  TEC Interface (see attached drawing)  
•  TEC  data:  
•  Mode: spectroscopic (128_bin)  
•  Frame period: 200us  
•  Twater: 20C  
•  CCDTEMP=1.25V (0C); Vtec=1.3V, Itec=0.6A  
•  CCDTEMP=0.94V (-10C); Vtec=2.6V, Itec=1.2A  
•  CCDTEMP=0.62V (-20C); Vtec=4.4V, Itec=2.2A  
•  CCDTEMP=0.33V (-30C); Vtec=7V, Itec=3.6A 
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ANL SUPPLIED COMPUTER: 
 
 
SOFTWARE. 
We are currently using Sarnoff supplied software which can only take and store one 
image at a time.  This software needs to be replaced by Brian Tieman-like software.  This 
is under development.  
 
 
SOFTWWARE AND CONTROL, and FIRMWARE. Sarnoff will provide a C++ 
based SDK (optional) for software control of the camera system.  The camera will have 
multiple clocking “modes” of operation, including a spectroscopy thin strip exposure 
mode. 
 
HARDWARE.  
 
 (Ref:  Tad’s email of 6/2/2005).  We purchase a computer with faster SCSI disks.  It will 
run Windows XP, but could run LINUX etc.   Inside this computer is a camera-link based  
Coreco frame grabber. 
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CORECO FRAME GRABBER  (PCI bus, into above computer). 
X64-CL-Full_Dsheet_web_March04.pdf 
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SHUTTER  
Strictly speaking, the shutter really is the beamline’s “problem”, we do not adequately 
support this part of CCD cameras yet.  To allow testing in my lab, I purchased a Uniblitz 
x-ray shutter capable of fast bursts.  We know that this shutter is not perfect for 
beamlines, and we can discuss. 
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DIGITAL FRAME GRABBER: 
 
(1) Coreco X64-CL-FULL, frame grabber, with on-board 2GB, 85 MHZ (see below) 
(2) Coreco Sapera Lite Software 
(3) High end PC Computer, running WindowsXP, with fast SCSI disks, see spec’s below. 
(4) Water Chiller, Model Thermo-Electron/Neslab Merlin series M-25, part number 262 
112 030 000, high temperature audible alarm, temp range +5 to +35C, cooling 810 watts 
at 20 C, pump PD-1, 1.5 gpm at 60 psi, temp stability 0.1C, power from 110 VAC. 
Pump:  www.thermo.com/com/cda/product/detail/1,1055,1000001155234,00.html 
Thermo Electron Corp/ Neslab phone (603)430 2297, fax (603)436-8411, Attn:  Scott. 
(5) DC power source (greater than 2 amps) for the  TE cooler.   
(6) To monitor the temperature Argonne will supply a digital meter (similar to a DVM).  
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OPTICS. 
 
Need to discuss typical lens tube – microscope objective then imaging lens, essentially a 
microscope. C mount.  Same as CoolSnap, but someday might modify to include a fast 
shutter.  I have researched shutters, and rejected 2 so far, settling on the UniBlitz.   
 
Emil Trakhtenberg modified the tube lens to allow focus.  I have the drawings.  Tube lens 
was supplied by Desna Laboratories (914) 948 9502,   see “Tube lens quote.PDF” 
 


